Open data, FAIR (findable, accessible, interoperable and reusable) and research data management (RDM) are three overlapping but distinct concepts, each emphasizing different aspects of handling and sharing research data. They have different strengths in terms of informing and influencing how research data is treated, and there is much scope for enrichment of data if they are applied collectively. This paper explores the boundaries of each concept and where they intersect and overlap. As well as providing greater definitional clarity, this will help researchers to manage and share their data, and those supporting researchers, such as librarians and data stewards, to understand how these concepts can best be used in an advocacy setting. FAIR and open both focus on data sharing, ensuring content is made available in ways that promote access and reuse. Data management by contrast is about the stewardship of data from the point of conception onwards. It makes no assumptions about access, but is essential if data are to be meaningful to others. The concepts of FAIR and open are more noble aspirations and are, this paper argues, a useful way to engage researchers and encourage good data practices from the outset.
Introduction
The last 20 years have seen several shifts in emphasis and priorities in the area of research data management (RDM) and sharing. Research funder policies have developed and strengthened over the years from vague aspirations to enforceable requirements with compliance and monitoring activities. In particular there has been a shift in the rhetoric from focusing on RDM (notably through data management plans) to including data sharing and access. If such analyses were extended, recent policies would be shown to require data to be not only managed and open (where possible), but also FAIR (findable, accessible, interoperable and reusable).
Little in the research data field has gained such traction and universal acceptance as the FAIR data principles, conceived at the Lorentz conference in January 2014 and then consulted on and first published under FORCE11. 1 While interpretations of what it means to be FAIR or how FAIR an object is vary, nobody disagrees with what the principles assert. FAIR effectively packages ideas that have a long history in the OECD principles 2 and G8 Science Ministers statement, 3 bringing these elements together in a concise and clear way, under an appealing acronym. It can open conversations with researchers and funders in ways that dull old data management never did.
RDM, FAIR and open are three overlapping but distinct concepts. Each brings a different emphasis and strength, and there is much scope for enrichment if they are applied collectively. RDM is the bedrock: if data have not been properly created and managed during the early stages of research, it will be very difficult to make them FAIR or open. The data ownership, documentation, formats and standards used will all affect the ability to share effectively, and these choices are often defined a long time before final outputs are made available.
Data management enables FAIR and open sharing, while the principles of FAIR and open can act as inspiration to engage researchers in effective data management (see Figure 1 ). Researchers often want to be FAIR, and sometimes open; they are noble aspirations. Data management in contrast is akin to the ugly duckling -it is seen as menial grunt work that people know they should do but do not particularly want to engage in. 4 By using the more appealing language of FAIR and open, we can engage people in data management too.
RDM, FAIR and open
As concepts like FAIR are introduced, there is a need to address the relationship between it and other established ideas. Providing greater clarity around the intersections of RDM, FAIR and open can help to realize where alignment exists and identify gaps in awareness and support. This section will briefly review each of the three concepts and propose ways of understanding how they intersect.
Research data management (RDM) can be defined as a set of practices to handle information collected and created during research. It is 'the compilation of many small practices that make your data easier to find, easier to understand, less likely to be lost, and more likely to be usable during a project or ten years later'. but are not limited to, data management planning, documentation, organization, storage, dissemination and preservation. 6 Effective RDM is an ongoing process which is structured and aligned with the research context and disciplinary practices.
The FAIR principles advocate for increased findability, accessibility, interoperability and reusability of research data and scholarly digital objects more generally. Under the umbrella of the FAIR acronym, 15 principles have been formulated to guide the actions of data publishers, stewards and other stakeholders. 7 Central to the concept of FAIR is its application 'to both human-driven and machine-driven activities', with a goal of machineactionability to the highest degree possible or appropriate. 8 In addition, FAIR is not binary (i.e. FAIR/unFAIR) but rather a spectrum along which varying degrees of 'FAIRness' are possible. ), but to achieve greater openness and reuse potential, data should also be machine-readable, in a non-proprietary format, use open standards and link to other data to provide context. In this system, stars are accumulated by fulfilling each criteria step by step. These higher degrees of openness are where the overlaps with FAIR are most profound since both emphasize ways in which content can be made meaningful to support reuse by humans and machines.
Common misconceptions
There are a number of misconceptions about what RDM, FAIR and open mean. The terms are often conflated and used interchangeably. Here we try to unpack some of the most common misconceptions.
FAIR data has to be open
No! While many policies call for FAIR and open data, the two do not mean the same thing. Data can be both FAIR and open, just one of these, or neither. One of the strengths of the FAIR principles is that they allow for controlled access, which can be important for certain types of data. Both are also scales in which data or other outputs, such as code, can be made increasingly FAIR and open (see Figure 2) . ' Central to the concept of FAIR is its application "to both human-driven and machine-driven activities"' 'One of the strengths of the FAIR principles is that they allow for controlled access' Figure 2 . The relationship between FAIR and Open
15
Open data is more useful than FAIR data These concepts are not in competition; both are valuable and we should encourage researchers to make their data as FAIR and open as possible. The most reusable data will be well documented, conform to community standards and be as free from restrictions as possible to increase potential reuse.
All FAIR and open data is good quality
Neither FAIR nor open data are a reflection of data quality. Both are simply a measure of how data have been made available. A poor quality or fabricated data set could be both FAIR and open. This is why it is important to manage and document data well to provide the provenance and reassurances of how data have been created and processed, to engender trust. To be of most value, data should be well managed and provided with sufficient context to allow reusers to assess whether they meet their purposes.
FAIR is limited to the EU and the life sciences -why should I care?
Although FAIR grew out of a life sciences workshop in Leiden, the principles were intentionally articulated in a broad sense to apply to all types of data. Indeed, they are being applied in various contexts; the European Commission has put the FAIR principles at the heart of their research data pilot alongside open data. 16 Beyond Europe, the American Geophysical Union (AGU) has a project on Enabling FAIR Data 17 and the Australian Research Data Commons (ARDC) supports a FAIR programme. In general, the value of data are maximized when both openness and FAIRness are achieved to a high degree. Data rated as highly FAIR ought to have been well managed, but could be open or closed. In other instances, data could be made open or somewhat FAIR without being well managed, resulting in poorly documented and less reusable data. This is why it is important that data are also well managed to support sharing in a meaningful way and promote reuse.
Good data management is a necessary precursor for FAIR and open, and enables data to be created which is fit for sharing and reuse. Many decisions taken in the planning and management phases of research affect the potential for data to be made FAIR and/or open. These can include research project roles and responsibilities, consent agreements, data ownership and use agreed with partners, licences from third-party data owners, data format choices, metadata schema choices, naming conventions and the creation or capture of metadata and data documentation. By working from a foundation of effective RDM, researchers and data stewards can then consider what is an appropriate level of FAIRness and openness for the individual data set, taking into account factors such as content type, access condition, research project constraints and disciplinary practices.
Degrees of RDM, FAIR and open
To illustrate the intersections, boundaries and limitations of RDM, FAIR and open, two scenarios are discussed below. These demonstrate how these ideas can each support better stewardship of data in different settings and the respective limitations.
Partially FAIR and open but unusable data
One result of journal policies introducing data-sharing requirements is that more data sets are being shared. This does not always lead to reusable data, however. Open data sets may meet most of the requirements of FAIR whilst being practically unusable or of poor quality. A solitary CSV file with a limited description on a generalist data repository appears to tick lots of FAIR and open boxes (e.g. persistent identifiers, basic metadata, non-proprietary file formats, etc.) but limited documentation renders the data unusable without more information on provenance, explanation of the variables, and methodology.
Data may also be published as graphs and tables in image format or as supplementary files that cannot be directly manipulated and reused, such as PDFs. This does not mean that the creator has not managed the data well, rather that a reusable format has not been shared, often due to publisher policy. It is critical that we communicate the concepts of FAIR, open and RDM effectively so researchers understand potential limitations of supplementary files and recognize that data are a valuable research output in their own right. Data must be shared in editable formats and with sufficient documentation to allow them to be assessed, reused and potentially integrated with other data.
Closed model data alongside FAIR and open code
In some disciplines, including engineering and computer science, the code and software being developed is frequently more important to the research than the data, which is primarily being used to test the code. In these disciplines, it is questionable to what degree the data should be managed and made openly available. This data, often termed model or synthetic data, may be unmanaged, closed and not adhere to the FAIR principles, whilst the 'Data must be shared in editable formats and with sufficient documentation' code can be highly managed, documented and made openly available. The flexibility in the FAIR principles means they are also easily applicable to code as it has many of the same properties as data including community standards, persistent identifiers and licensing.
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Thus, the FAIR principles can be used to have a helpful conversation around what is needed to improve the transparency and reproducibility of research, whether it primarily relies on data or code.
Advocating for RDM, FAIR and open
Managing and sharing research data are often not a high priority when talking to researchers, and whilst RDM, FAIR and open all help to encourage good practice, this proliferation of terminology can sometimes cause confusion. Careful thought is needed about how to use these concepts, and when. The suggestions presented below are a summary of major issues raised by practitioners at multiple events over the last couple of years, drawing heavily on a birds of a feather (BoF) session at the Engaging Researchers in Good Data Management Conference, Cambridge in 2017. 20 The discussion between librarians, data stewards and researchers at this event focused on how practitioners were using FAIR and open to advocate for effective data management. Five recommendations for using FAIR and open when advocating for RDM are summarized here:
Focus on FAIR when data cannot be open
One of the difficulties in advocating for open data has been that researchers with human participants, particularly those researching sensitive topics, frequently cannot share their research data, and may not be willing to ask participants for permission to share out of fear that it will deter people from participating in their research. FAIR can be extremely helpful here as it only requires that metadata are available. These could point to closed data sets, but ideally the data will be accessible in some form too. The fact that data do not necessarily have to be publicly available opens up discussions with researchers which were not previously possible. Participants in the BoF session mentioned using FAIR to encourage researchers to share a portion of their data or a metadata-only record which describes the data set in detail and outlines the steps for accessing it. This is particularly helpful following the introduction of GDPR (the General Data Protection Regulation), when researchers are arguably more concerned than ever about sharing personal data, and using FAIR to start this conversation allows for better RDM more generally to be promoted.
Acknowledge impact, citation and prestige
When discussing both FAIR and open data, many participants raised issues around citations, impact, prestige and researcher assessment. Although these issues may not be the focus of RDM, it is important to recognize the pressures on researchers to publish papers in a prestige journal, and be clear about how sharing data in a FAIR and open way can help support this. Here, the 'findable' in FAIR can help encourage good RDM by appealing to researchers' desire to make data more visible, thus incentivizing them to include sufficient metadata in a data set to make it findable. The emphasis on reusability in FAIR can also be linked to the impact agenda, encouraging data sets which are shared to be actively used in other contexts rather than just referred to. Open data is a relatively simple concept, at least on the surface, and one which can be quickly understood, if hard to implement in some cases. It is in the implementation of data sharing where FAIR can be useful as an advocacy tool. Whilst FAIR introduces another acronym requiring explanation, it can then be used to effectively walk researchers through the steps needed to make their data accessible and understandable. The 15 FAIR principles include several clear action points, such as obtaining a persistent identifier, assigning a usage licence and providing metadata online.
Consider the end-users of the data
One recurring theme is whether it was more important to maximize the amount of data available or to have fewer high quality data sets. When openness is the sole focus, there is a risk that lots of data sets shared may be of a low quality, with poor metadata, so that the data can only be comprehended by the researcher's immediate peers. By contrast, advocating for FAIR may result in fewer data sets being shared due to the increased requirements emanating from the principles, but they may be richer and more easily understood outside the discipline. Thus any conversation around sharing data needs to focus on the audience the researcher is aiming to reach and what possible uses there could be of their data, as well as making it FAIR and open. It is important to recognize the effort involved in managing and sharing data so that reasonable judgements can be made about when and where to apply this, as demonstrated in the model data example above.
Keep research and the researcher at the centre of the message
Whether using the terms RDM, FAIR or open, it is all too easy for those of us advocating for data management and sharing to get caught up in our concern for the data and forget what matters to the researcher -their research! We do not advocate for data management and sharing for their own sake, and whilst the end goals vary from reproducibility, to reuse across disciplines, to application by practitioners, the use which that data can be put to should be at the heart of our activities. So, whilst acronyms and familiar terms can be a helpful shorthand to describe the sometimes complicated data management practices we are encouraging, they should never replace a focus on improving the efficiency and inclusivity of the research process and helping new research questions be answered.
Conclusions
RDM, FAIR and open are all important in their own right and should be viewed as complementary yet distinct concepts. All three exist on a spectrum and intersect with each other: data can be managed to varying degrees and be more or less FAIR and open. We should see each as a level of maturity in which researchers are encouraged to make their data more managed/FAIR/open, so it is ultimately more useful. Data management is the necessary precursor to enabling FAIR and open data and, conversely, these principles can help advocate for good data management practices.
Being FAIR and open is not necessarily sufficient. The internet was conceived as a mechanism for sharing content between trusted sites of authority. Anyone can be a data creator and publisher online. There are few controls to help users know which data can be trusted, hence the importance of professional curation in certified repositories to ensure data are effectively stewarded and remain accessible in the long term.
The boundaries and intersections between RDM, FAIR and open cover important elements that risk being overlooked if we only focus on one concept. Properly stewarded FAIR data have much potential for reuse, but if they can also be made available as open data, this reuse potential grows. Similarly, if open data are uniquely identified so they can be discovered and professionally curated in the long term, the likelihood and depth of reuse will grow. We should advocate for data to be as FAIR and as open as possible, using these principles to help seed good data management practices from the start. The whole is greater than the sum of its parts.
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